This study aims to determine the effect of a single exhausting exercise on plasma PYY, NPY and IGF-1 in young athletes. Thirty-one young athletes (aged 19.52±2.75 years, body mass 79.24±16.13 kg, height 173±6.49 cm, and body fat 16.37±5.92%) volunteered to participate in this study. The participations, in randomized crossover manner, performed a single exercise bout on a cycle ergometer at 50 watts (W) for five-minute, and the power output was increased by 30 W every 3 minute until voluntary exhaustion. Venous blood samples were collected before (Pre), immediately after (Post) and 1h after (1h Post) exercise to assess plasma PYY, NPY and IGF-1concentrations. Plasma PYY (p=0.042) and IGF-1 (p=0.001) significantly increased at Post exercise. Also, NPY was increased Post (p=0.001) and for 1h Post (p=0.021) exercise. The exhausting exercise increase plasma PYY concentration and this increase may relate to IGF-1 signals in young athletes. However, increased plasma NPY may not be related to stimulation food intake because it does not penetrate the blood-brain barrier.
INTRODUCTION
Over-weight is not desirable and has implications for health and in the case of athletes affects performance. This later implication of over-weight makes necessary weight-control among athletes. Exercise is a strategy used to counteract overweight owing to create a negative energy balance by increasing energy expenditure and influencing appetite regulating hormones (1, 2) .
Interestingly, recent studies have revealed inhibitory effects of exercise on the hunger associated with these hormones in healthy subjects (3) , suggesting the intriguing possibility that exercise may promote a favorable appetite hormones profile yielding sustained appetite control and weight loss (2, 4) . Therefore, it's suggested that exercise has an impact not only on energy expenditure but also on variations in appetite and postexercise energy intake, leading to negative energy balance (5) .
Previous studies have reported that intense (but not necessarily moderate or light) exercise may induce a transient suppression of hunger that has been reported in both humans (2, 6) and experimental animals (7) . This temporary repression of appetite has been termed 'exercise-induced anorexia' and it leads to a short-term negative energy balance (2) . The specific mechanisms behind regulation of exerciseassociated changes in appetite are still under investigation. An important group of the intricate factors for appetite control involved in the brain-gut axis of eating behavior are ghrelin, cholecystokinin, pancreatic polypeptide, peptide YY (PYY), neuropeptide Y (NPY) and glucagon-like peptide-1. Some of these hormones suppress eating behavior, while others stimulate it. Recently, most attention has focused on PYY since this hormone is known to have strong appetite-suppressing effects (8) . The peptide YY is a 36 amino acid polypeptide which is secreted predominantly from Lcells of the distal gastrointestinal tract. PYY have two main circulating form PYY1-36 and PYY3-36 (8) . PYY3-36 is the major circulatory form of the hormone in the fed and fasted state (9) . PYY bind with high affinity to all Y receptors, PYY3-36 shows high affinity for Y2 and some affinity for Y1 and Y5 receptors. It seems that PYY3-36 have peripheral action on appetite which may be mediated by the arcuate Y2 receptor resulting inhibition of NPY neurons and also central actions which is mediated by both Y1 and Y5 receptors results in stimulating food intake (8) . Circulating PYY levels are influenced by food intake, type of food (9), gastric acid, cholecystokinin (CCK) and luminal bile salts, insulin like growth factor-1 (IGF-1), and bombesin (9) . In addition, NPY is a 36 amino acid neuropeptide which is one of the most potent orexigenic agents known (9, 10). NPY acts to stimulate feeding predominantly through activation of Y1 and Y5 receptors in the hypothalamus. Circulating NPY derive from the peripheral sympatho-adrenomedullary nervous system, platelets, lymphocytes, endothelial cells and smooth muscle (10) . It seems that circulating NPY does not penetrate the blood-brain barrier (11) . Therefore, NPY is produced and secreted from cell bodies of the arcuate nucleus in the hypothalamus into the paraventricular nucleus resulting increased appetite and food intake, suppressed activity of the sympathetic nervous system, decreased energy expenditure and increased activity of the parasympathetic nervous system (12) .
Previous training studies have examined changes in fasting hormone responses before and after an exercise training intervention (13) , but there are limited and controversial data regarding impact of acute exercise on plasma PYY (4, 14, 15) , with studies have reported the absence of an effect on PYY post-exercise (15, 16) , and an increase in plasma PYY concentration (14, 17, 18) . Regarding plasma NPY response to acute exercise, there are only three studies with reporting significant increase in plasma NPY after 45 min cycle ergometer (19) or significant decrease in plasma NPY after short-term treadmill exercise in obese rats (20) and incremental cycle ergometer test to exhaustion in athletes (21) . Therefore, the aim of the present study was to investigate the effects of a single exhausting exercise bout on plasma PYY, NPY and IGF-1 (because PYY concentrations are influenced by IGF-1 signal) in young athletes.
MATERIALS AND METHODS
Participants. Thirty-one young men athletes were recruited to participate in this study ( Table 1 ). All subjects had at least 6 years of experience in wrestling and were among the top 10 in national championships. The study was limited to males to reduce variation in hormonal response to the exercise. Subjects were fully informed of the study details and give their written consent prior to participation. The Institutional Review Board of the University approved the research protocol. All subjects had at least 4years experience in wrestling. Exclusion criteria were history of gastrointestinal, endocrine, cardiovascular or psychological disease, and consuming any supplementation, alcohol and tobacco products. 
Protocol.
Subjects undertook a randomized crossover design with an interval of 7 days between two study tests. To avoid diurnal rhythm effects, testing sessions began on the same time of the day.
Subjects came to the laboratory at 0800 h and, a standard breakfast (biscuits, yogurt, and jelly: 560 kcal, 16.5% protein, 19.3% fat, and 64.2% carbohydrates) was then served at 0830 h and participants remained seated quietly. At 1030 h, a venous blood sample (6 ml) pre-exercise (pre) was taken then the subject exercised on the cycle ergometer. Then blood samples were collected immediately after (post), and 1h after (1 h post) exhaustive exercise into tubes containing heparin. Each subjects performed the incremental exercise test to exhaustion began at 50 watts (W) for fiveminute, and the power output was increased by 30 W every 3 minute until voluntary exhaustion or the subject could no longer maintain a pedal cadence of 60 rpm despite strong verbal encouragement. After the end of the exercise (post), and 1 h after (1 h post) blood samples were collected into tubes containing heparin. Subjects were instructed to refrain from exercise 72 h prior experimental session. All participants were instructed to follow their habitual diet throughout the study period and to fill out a food recall form for 3 days before the testing session ( Table 2 ). The food recall forms were analyzed using the Nutritionist IV software (Diet analysis model 3.5.2, the Hearst Corporation, San Bruno, CA 94066) to determine total calories intake, carbohydrates, proteins and lipids. 
RESULTS
There was a significant increase in adjusted plasma PYY concentration at postexercise in experimental group (Figure 1) . The NPY concentration increased afterwards and 1h post-exercise in experimental group (Figure 2) . Also, IGF-1 concentration was significantly increased at post exercise in experimental group (Figure 3) . PYY and NPY have been reported to influence on appetite and can result in suppression and stimulation of food intake, respectively (9) . As mentioned previously, PYY is secreted predominantly from L-cells of the distal gastrointestinal tract and exert its effect through the arcuate Y receptors resulting in inhibition of NPY neurons and food intake (23) . The finding of this study revealed that a single exhausting exercise session increased plasma PYY concentration at post-exercise. These data are consistent with the finding of Mackelvie et al. (2007) reported significant increase in PYY levels following 60 min of cycling at 65% of maximal hart rate (MHR) (1h after standardized breakfast) in normal-and overweight male adolescents (17) . In addition, reported significant increase in plasma PYY levels after standardized breakfast followed by constant cycling exercise at 50% of VO2max in obese young males (4, 5) . Also, Broom et al. (2009) investigated PYY response to an acute bout of aerobic exercise (60 min run at a speed 70% of VO2max on treadmill) (18) . They observed significant elevation in postexercise plasma PYY concentration and appetite is suppressed during and for a short time after exercise in healthy males (18) . Also, Ueda et al. (2013) observed significant increase in PYY level after 60 min of cycling at 65% of max heart rate (MHR) (1 h after breakfast) in middle-aged women subjects (15) . In contrast to our finding, however, Larson-Meyer et al. (2012) were not able to show significant increase in PYY level after 60 min run or walk at 70% of VO2max, in nine middle-aged women runners (16) . This contrasting finding may be explained by the different in sex of the subjects examined. Larson-Meyer et al. (2012) used middle-aged women as subjects (16) whereas our subjects and/or published studies (4, 5, 17, 18) were males and some evidence showed that appetite hormones/metabolic responses may differ in females compared with males (2) although further research is required before conclusions can be drawn.
In this study, PYY returned to preexercise level following 1h recovery. Similarly to this result, some of the previous studies reported that PYY levels remained elevated at least up to 1 h post exercise (3) (4) (5) 17) . However, in contrast to our finding, previous study reported PYY level remained elevated up to 3 and 7 h after 50 min submaximal bout of exercise on the cycle ergometer at 60% of VO2max (14) and running on treadmill (4). Collectively, these findings suggest that acute exercise affect circulating PYY level which may regulate appetite following exercise.
The mechanisms underlying the changes in plasma PYY during exercise are unclear in detail. However, it is reported that IGF-1 stimulation expression and secretion of PYY in rodent (9) . This increased IGF-1 at postexercise in experimental group [in this study consistently with previous investigations (24) (25) (26) ], and it can explain that increased PYY concentration immediately after exhausting exercise may be related to IGF-1 signals which may influence appetite in young athletes.
Even though plasma NPY levels do not reflect NPY secretion in the brain, however, plasma NPY levels may originate from peripheral sympathetic nerve secretion or the adrenal gland and/ or adipose tissue during exercise in humans (27, 28) . In addition our finding show that plasma NPY concentration increased significantly at post and 1h post a single exhausting exercise session in young athletes. This finding is accordance with previous study that reported significant increase in plasma NPY after incremental cycle ergometer test to exhaustion in athletes (19) . As mentioned earlier, NPY secreted into both circulating and paraventricular nucleus in hypothalamus (12) . Circulating NPY does not penetrate the blood-brain barrier (29) . Therefore, plasma NPY level may be unrelated to appetite regulation following strenuous exercise. Increased plasma NPY level after incremental cycle ergometer test to exhaustion may stimulate angiogenesis (30) , regulate blood pressure and electrolyte homeostasis (31) .
Our study has some limitations. We measured total PYY rather than PYY3-36, however, previous studies reported a high positive correlation between total PYY and PYY3-36 (32) and acute exercise-induced changes blood PYY3-36 levels is similar to the time course of changes in blood total PYY level (5) . Furthermore, we did not assess hunger following our single exhausting bout of exercise or obtain food intake measurements into the recovery period which could have provided additional importance.
CONCLUSION
In conclusion our findings showed that plasma PYY concentration increased following a single exhausting exercise session in young athletes. The actions of this gut peptide is not yet completely understood but it seems that via central circulation, PYY cross the blood brain barrier and directly interact with the arcuate Y receptors resulting inhibition of NPY neurons and food intake. Therefore, increased plasma PYY concentration after a single exhausting exercise session in young athletes may possibly contribute to appetite suppression. However, increased plasma NPY after this type of exercise may not be related to appetite regulation because it does not cross the blood brain barrier, rather it may assumed to stimulate angiogenesis and show a vasoconstrictive and mitogenic effect on blood vessels (12, 32) .
